Introduction
Preterm birth (PTB), defined as delivery before completing 37 weeks' gestation, is a growing global public health problem. 1 PTB is the leading cause of mortality in children under 5 years of age, 1 and is a direct cause of at least 27% of all neonatal deaths. 2 Of the live births reported in 2010 worldwide, 11.1%, or 14.9 million, were estimated to be PTBs. In Latin America, the estimates indicate that, of the total 10.2 million live births, 8.4% were preterm.
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Barrios et al to psychological stressors. 4 Maternal psychological stress (hereafter referred to as stress), in the form of acute, chronic, pregnancy-related, or other life event-related stressors, is emerging as an important modifiable social determinant of PTB. Investigators have discussed several mechanistically relevant theses concerning the role of stress as a determinant of PTB. For example, stress is known to upset the balance between neuroendocrine and immunological pathways, that may set into motion the events leading to spontaneous preterm labor 5, 6 and preterm premature rupture of membranes. Antepartum stress has also been linked to behaviors including substance abuse, 7 mood and anxiety disorders, 8 and underutilization of prenatal care, 9 and these factors have been associated with PTB.
Research regarding the association between stress and PTB has yielded conflicting results, primarily attributed to varying measures of stress, study design, and underlying risk differences across populations studied and differences in timing and types of stressors. One study evaluating PTB risk in three different ethnic groups living in the US found that stress experienced during pregnancy was the one consistently identified risk factor for all three groups. 10 Investigators have studied specific types of events, such as experiencing a death, illness, or natural disaster, and found associations with risk of PTB. 11, 12 A Danish study of life events, including physical illness or death of family or children, abuse, problems with partner, problems with the law, and financial stressors, found that it was the woman's overall assessment of stress caused by those life events that was associated with PTB and not the occurrence of specific events. 13 Studies in Europe and South America have shown that the significance and strength of associations of stressful events with PTB varied based on the timing of exposure. [11] [12] [13] [14] Some investigators have found that pregnancy-related stress was a better predictor of PTB than general stress, 15 while another study that compiled a stress score based on life events and a general health questionnaire found no association, but suggested that evaluating specific types of life events could be important. 16 An accumulating body of evidence has shown that the prevalence of PTB is increasing globally, and this prevalence is expected to increase primarily in low and middle income countries, such as Peru. 17 Given the growing problem of PTB, it is important to explore how maternal stress, which can be defined using numerous measures, such as serious life events, chronic stress, anxiety, depression, or perceived stress, 2 contributes to the problem. This is of vital importance, especially since women living in poverty may be more prone to experiencing these events at a higher frequency and intensity, and they may also suffer higher rates of poor birth outcomes, such as low birth weight and short gestational age. 18 To the best of our knowledge, no published work has evaluated the risk of PTB in relation to serious life events among low income Peruvian women. A recent study of pregnancy outcomes in Peru found that PTB occurred in 12.2% of women, 19 reflecting the serious need to investigate PTB further. We hypothesized that serious life events experienced during pregnancy are associated with an increased PTB risk among low income women in Lima, Peru.
Materials and methods study population and case selection
Detailed methods have been described previously. 17 This casecontrol study was conducted among women who delivered live births from January 2009 through July 2010 at the Hospital Nacional Dos de Mayo, the Instituto Nacional Materno Perinatal de Lima, and the Hospital Edgardo Rebagliati Martins in Lima, Peru. The study procedures and protocol were approved by the ethical review boards of the participating institutions. Women with singleton pregnancies without any gross malformations who spontaneously delivered before completing 37 weeks of gestation were defined as cases. Women from the same hospital, delivering immediately after a case patient and who delivered a singleton infant at term ($37 weeks of gestation) were defined as controls. There was no difference in sociodemographic and lifestyle characteristics between the groups of women with prior PTB, a risk factor for consequent PTB. Spontaneous PTB cases at participating hospitals were identified by monitoring all deliveries at postpartum wards on a daily basis. 17 A total of 515 eligible cases were identified and approached. Of those, a total of 479 (93%) eligible cases agreed to participate in the study. A total of 546 eligible controls were identified and approached, and of those, 480 (88%) agreed to participate. Written informed consent was sought and obtained prior to participation in the study.
Data collection and variable definition
Those who provided informed consent were asked to participate in a 45-minute in-person interview using a Spanish-language structured questionnaire. The questionnaire, administered by experienced and trained research personnel, collected data about maternal sociodemographic, behavioral, reproductive, and medical histories. Trained obstetricians (research fellows) reviewed labor and delivery medical records as well as prenatal medical records using a standardized abstraction form to collect information about medical and reproductive histories, blood pressure values, 
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Preterm birth in relation to serious life events any pregnancy complications experienced by the participant, and the condition of the newborn after delivery. 17, 20 We defined PTB in accordance with the guidelines set by the American College of Obstetricians and Gynecologists. 21 The date of the last menstrual period was used to define gestational age and confirmed by an ultrasound examination before 20 weeks of gestation. PTB cases were categorized based on the three pathophysiological groups previously described, ie, spontaneous preterm labor and birth and preterm premature rupture of membranes. 22 Spontaneous preterm labor and delivery cases included women whose medical records reported that a physician diagnosed spontaneous labor onset (with intact fetal membranes) and delivery occurred prior to completing 37 weeks' gestation. Preterm premature rupture of membranes cases included women whose medical records reported that a physician diagnosed rupture of fetal membranes (prior to onset of labor) and delivery before completing 37 weeks of gestation. When medical intervention was identified as the reason for the woman delivering prior to 37 completed weeks of gestation, she was not eligible for this study. 23 Preterm birth cases were also further categorized based on gestational age at delivery (ie, very PTB, defined as those who delivered prior to completing ,32 weeks' gestation; moderate PTB, defined as delivering between 32 and 34 weeks' gestation; and late PTB, defined as delivering between 34 and 36 weeks' gestation).
Information gathered from the interview included age, marital and employment status during pregnancy, medical history, and substance (alcohol and cigarette) consumption during pregnancy. Exposure to serious life events during pregnancy was determined by a previously used standard list of life events. The women responded to the questions: "Over the past 6-9 months (during the pregnancy), did any of the following life events occur?" The list of events included: death of a first-degree relative or significant other; divorce or separation from your partner; fired or forced to change jobs; financial trouble or bankruptcy; a serious fight or argument with husband or boyfriend; and attendance at the wedding of a close friend or relative. Response options for each event were: no; once; twice; three or more times. Women who responded "no" to any of these life events were classified as never exposed to any serious life events during their pregnancy. Other covariates considered in this analysis included maternal age, reproductive history, and medical history. Also considered were maternal prepregnancy weight, educational attainment, annual household income, occupation, cigarette smoking, and alcohol consumption during pregnancy. Maternal age at the time of interview was expressed in years. Parity was reported as the number of previous pregnancies lasting more than 22 weeks' gestation. Maternal educational attainment was based on self-reports.
statistical analysis
Using chi-squared tests, we examined the distribution of maternal sociodemographic characteristics, and medical and reproductive histories according to preterm and term delivery status. In order to estimate the association between exposure to serious life events and the risk of PTB, we used logistic regression procedures to calculate maximum likelihood estimates of odds ratios (ORs) and 95% confidence intervals (CIs) that were also adjusted for confounding. 24 The following variables were considered as possible confounders: age, marital status, educational attainment, parity, planned pregnancy, prepregnancy weight, use of prenatal care services, employment status, smoking cigarettes, consuming alcohol, and use of illicit drugs during pregnancy. Age was entered into the regression analysis as a continuous variable. The remaining variables were analyzed as dichotomous variables. These potential confounders were tested individually in a logistic model and the unadjusted and adjusted ORs were compared. Final logistic regression models included covariates only if their inclusion changed the unadjusted ORs by at least 10%. 24 The final models were adjusted for maternal age, prepregnancy weight, pregnancy not planned, and not receiving prenatal care, ie, the variables that met the requirement for inclusion. These procedures were also used in stratified analyses to assess risk of subtypes of PTB (ie, spontaneous preterm labor and delivery, preterm premature rupture of membranes, very PTB, moderate PTB, and late PTB). All continuous variables are presented as the mean ± standard deviation. All reported P-values are two-tailed and CIs were calculated at the 95% level. Before beginning the study, we estimated that a study sample size of 400 cases and 400 controls would be sufficient (.85% power) for estimating ORs of $2.0 if the exposure frequencies were $10%, and if we set significance at 0.05. All analyses were performed using Stata version 9.0 statistical software (Statacorp, College Station, TX, USA).
Results
Sociodemographics and reproductive characteristics of PTB cases and controls are presented in Table 1 . We found that cases and controls were similar with regards to a number of characteristics, ie, the mean maternal age was 28 years, approximately 40% of the women were primiparous, about 67% had a high school education or less, and 40% were employed during their pregnancy. Table 2 . Adjustment was made for confounding by including maternal age, prepregnancy weight, unplanned pregnancy, and not receiving prenatal care in the final logistic regression model. Compared with women who did not experience any serious life events during pregnancy, the odds of PTB were increased more than two-fold for women who experienced the following events: death of a first-degree relative (adjusted OR 2.10; 95% CI 1.38-3.20), divorce or separation (adjusted OR 2.09; 95% CI 1.10-4.00), financial troubles (adjusted OR 2.70; 95% CI 1.85-3.94), or a serious fight with their partner (adjusted OR 2.40; 95% CI 1.78-3.17). As the total number of events experienced during pregnancy increased, the odds of PTB also increased (P for trend ,0.001). For instance, women who experienced three or more serious life events during pregnancy had a 3.62-fold (adjusted OR 3.62; 95% CI 2.08-6.29) increased odds of delivering preterm compared with women who experienced no events during pregnancy.
The adjusted ORs of preterm subtypes, spontaneous preterm labor, and preterm premature rupture of membranes, according to maternal exposure to serious life events, are shown in Table 3 . Compared with women who did not experience any serious life events during pregnancy, the odds of spontaneous preterm labor and of preterm premature rupture of membranes increased by 2.5-fold and 2.0-fold, respectively, for women who experienced the death of a relative or significant other, a divorce or separation, financial troubles, or a serious fight with their partner. Compared with women who did not experience any serious life events, experiencing being fired or forced to change jobs or the wedding of a close relative or friend were associated with an increased odds of spontaneous preterm labor, but the associations did not reach statistical significance. Women who experienced any serious life events had 2. 
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Preterm birth in relation to serious life events of preterm premature rupture of membranes, compared with women who experienced no such events. The risk of very PTB (,32 weeks), moderate PTB (32-33 weeks), and late PTB (34-36 weeks) in relation to maternal exposure to serious life events is shown in Table 4 . Women who experienced the following life events: death of a first-degree relative or significant other, financial trouble or bankruptcy, or a serious fight with their partner, had higher odds of very PTB, moderate PTB, and late PTB. Experiencing a divorce or separation or experiencing a wedding of a close friend or relative was associated with increased odds of late PTB (adjusted OR 2.35; 95% CI 1.16-4.76 and adjusted OR 1.59; 95% CI 1.06-2.40, respectively). Compared with women who experienced no such events, those who experienced more than one serious life event had higher odds of PTB and the strength of association increased with increased occurrence of serious life events (P trend ,0.001).
Discussion
Women in our study who experienced serious life events during pregnancy were more likely to deliver preterm.
Our analysis identified specific serious life events that were associated with PTB, and we also showed a linear relationship for the association of PTB with number of serious events experienced during pregnancy. Our findings are consistent with the results of studies that evaluated serious life events with PTB 10, 25 and differ from studies that found significant associations only when analyzing specific timing of exposure to an event during pregnancy 11, 14, 26 and those where the associations did not reach significance. 7, 16, 27, 28 Studies identifying serious life events have typically been carried out in developed countries or among minority populations in the US. To the best of our knowledge, this is the first study examining the association of serious life events with PTB among Peruvian women.
Of the events included in our analysis, experiencing the death of a first-degree relative, separation or divorce, arguing or fighting with a partner, and financial troubles were each shown to significantly increase the odds of PTB for the women by more than two-fold. This pattern held true for preterm subtypes, spontaneous preterm labor, and preterm premature rupture of membranes. Investigators in a 
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Barrios et al US cohort study of African American and American Indian women reported that women identified partner-related, finance-related, and trauma-related items to be stressful. However, the authors found no evidence of a statistically significant association between the stress constructs evaluated and PTB risk. 7 There are a number of events that could be used as a measure of stress, but generally an event can be considered stressful if it is a challenge, whether physical or psychological, that threatens to alter the homeostasis of the individual. 2 The three types of life events, ie, death of relative, partner troubles, and financial troubles, we found to be associated with PTB have been the focus of other studies. A populationbased study of 2.6 million pregnancies in Sweden examined the association of stress, as defined by having a family member die during pregnancy, and found that the risk for PTB was elevated when the event occurred during the 5th and 6th month of pregnancy (OR 1.24; CI 99% 1.08-1.42).
11
In Denmark, a population-based study of 1.38 million singleton live births assessed death or serious illness of a first-degree relative as the exposure and found that there was a significant association with birth weight but not with PTB. 12 Partner-related serious life events were considered in a German study. The investigators found in a sample of 589 pregnant women that those who felt they were in a very unhappy partnership had twice as many PTBs compared with women who reported being in a happy partnership; 29 however, due to small numbers, the results did not reach statistical significance. An integrative review aimed at identifying studies regarding the association between economic contraction (ie, loss of employment, reduced income) and birth outcome found that socioeconomic stressors were more strongly and consistently associated with birth weight. However, there was little to no evidence supporting associations of socioeconomic stressors with PTB. 30 Another important point that merits consideration is that the standard list of events included experiencing the wedding of a close relative or friend, which is typically considered to be a positive experience. However, in a setting such as Lima, Peru, where culturally the family ties are strong, 31 weddings
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Preterm birth in relation to serious life events place additional stress and consume resources from the entire family. Demand on resources, such as time and money, alters the homeostasis of the woman. Future research should include qualifiers for the events experienced. We also found a significant linear increase in odds of delivering preterm with an increase in number of events experienced during pregnancy. Similarly, a prospective study carried out in the People's Republic of China in 2008 evaluated the effects of maternal exposure to serious life events, included financial, emotional, traumatic, and spousal-related events. After adjustment for confounders, the authors reported an increased risk of PTB, with increasing numbers of life events during the first and second trimesters. 26 Experiencing more than one serious life event during pregnancy may impact PTB in part due to the cumulative effect of stress 8 or may be due to the increased chance that any one of the events will occur at a time period when the pregnancy is more vulnerable to stress. Discussions around the timing and number of events occurring during pregnancy indicate that studies should also examine the type of psychosocial stress and perceived stressfulness of events experienced, as well as the cumulative impact of lifelong, chronic stress. 27, 32 Our results, combined with those described previously, highlight the importance of investigating the association of serious life events with PTB, which is a growing public health concern. These results suggest that the risk of PTB may increase in women who experience one or more serious life events while pregnant. Future work should include prospective studies to explore the type and intensity of such events in order to understand the magnitude of maternal stress experienced.
Stress is thought to be involved in inducing preterm labor via behavioral pathways, such as poor nutrition or poor prenatal care. 32, 33 Stress may induce PTB via the physiological responses mediated by stress hormones and neurotransmitters. 34 One pathway is related to cortisol, the hormone released by the hypothalamic pituitary gland in response to stress, which is also the hormone involved in normal parturition. 34 As levels of cortisol rise, they prepare the physiological mechanisms for release of oxytocin, the hormone responsible for uterine contractions, and rising levels of cortisol due to experiencing stress may lead to an early rise in oxytocin, which in turn, may lead to early labor and delivery. 33 Future research is needed to establish the biological pathway from stress to PTB, with a specific focus placed on understanding independent and interactive effects of exposures to stressors and genetic determinants of PTB among women in low, middle, and high income countries.
Several limitations should be considered when interpreting the results of our study. First, its cross-sectional nature prevents inference on any causal relationship between experiencing serious life events and PTB. The interview was conducted after delivery, allowing for possible recall bias regarding the events experienced. Second, the list of stressful life events may not have captured all possible serious life events, and we could not account for reverse causality in some items (ie, due to a difficult pregnancy, the woman may have been forced to change jobs or leave her job). Third, there was the possibility of substantial heterogeneity among the different types of serious life events. It is possible that the grouping of different types of life events in a single composite score might have attenuated the magnitude of the association towards the null. Future studies need to evaluate the impact of frequency, timing, and severity of serious life events on PTB. Additionally, the list of events is appropriate primarily for women who are able to have the experiences in the list, such as being familycentered and engaged in traditional partnerships. This list does not capture the serious events for women living beyond the range of these experiences. Finally, although we adjusted for confounding factors, we cannot exclude the possibility of some residual confounding by unmeasured factors.
Conclusion
Experiencing serious life events during pregnancy was associated with increased risk of PTB among Peruvian women. Interventions aimed at identifying and assisting women who are experiencing serious life events may reduce the risks of PTB. Future studies should consider perceived stress, exposure to stressors across the life course, and available social support that could mitigate the impact of such stress. Studies should also include objective measures of stress and the stress response to understand better the biological underpinnings of the observed associations.
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